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TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of gas 
mixing and more particularly, but not by way of limitation, 
to a gas stream vortex mixing system and method for mixing 
power plant combustion exhaust gas. 
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BACKGROUND OF THE INVENTION 

The electric utility industry strives to efficiently 
provide electric power while minimizing the impact that 
electrical generation has on the environment. One 
specific point of concern is reducing harmful exhaust gas 
emissions from power plants. 

Power plants produce dangerous combustion gases, 
such as NOx (oxides of nitrogen like NO and N02) , which 
are exhausted as a by-product of electric generation. The 
combustion or flue gases are carried by large ducts or 
flues through treatment systems intended to reduce the 
NOx emissions. One commonly employed treatment process, 
called selective catalytic reduction (SRC) , reduces NOx 
emissions by injecting an ammonia mixture into the 
combustion gases and passing the combined constituent 
gas, combustion gas mixed with the ammonia mixture, over 
a catalyst. The catalyst reacts with the harmful gas 
changing it into harmless gas comprised of nitrogen 
related compounds, thus reducing or eliminating the NOx 
emissions . 

When the combustion gases are uniformly mixed with 
the ammonia mixture and passed over the catalyst within a 
specific temperature range, the catalyst is highly 
effective at reducing NOx emissions. However, a uniform 
constituent gas mixture is difficult to achieve given the 
volume of combustion gas which must be uniformly mixed 
within the large ducts. These ducts range in shape, such 
as rectangular and oval, and size, but often have 
passageways of 2 0 feet by 4 0 feet or more. 

Frequently, the constituent gas flowing within the 
ducts develops small channels containing high 
concentrations of the various flue gas constituents (CO, 
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C02, NOx, for example) and the injected ammonia, or rope 
flows, while the constituent gas throughout the remaining 
duct cross section will contain low concentrations of NOx 
making proper mixing with ammonia prior to the SCR most 
difficult. When such inhomogeneous constituent gas is 
passed through the catalyst, the rope flow zones exit the 
catalyst with high levels of flue gas constituents and/or 
ammonia that were not reacted by the catalyst due to the 
improper mixing of flue gas and ammonia. The remaining 
combustion gas with low concentrations of NOx will be 
catalyzed by the SCR, but the ammonia will be under 
utilized and emitted into the atmosphere at greater than 
acceptable concentration * 

The remedy has generally been to inject more ammonia 
mixture into the combustion gas in the ducts to reduce 
the NOx emissions. While this does lower NOx, increasing 
the ammonia concentration is costly, inefficient, and 
results in increased ammonia emissions. 

Another approach has been to place obstacles into 
the ducts to disrupt the flow of combustion gas in order 
to achieve an improved mixture of constituent gases. 
However, such obstacles create only turbulent flow of the 
combustion gases and provide only minimum improvement of 
the mixture of constituent gases. Additionally, the 
turbulence inducers generate resistance in the ducts 
which reduces the efficiency of the flow of combustion 
gases through the ducts and increases the load on the fan 
systems that move the combustion gases through the ducts. 

Thus, a need exists for an improved system and 
method for mixing the stream of combustion gases and 
injected ammonia mixture into a uniform mixture of 



A 
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constituent gases* It is to such a gas stream mixing 
system and method that the present invention is directed. 
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SUMMARY OF THE INVENTION 

The present invention provides a gas stream vortex 
mixing system for mixing gas. The gas stream vortex 
mixing system includes a duct provided with an outer 
surface defining an interior passageway operable for 
communicating a gas. The gas stream vortex mixing system 
further includes at least one nozzle and at least one 
wing. The wing is disposed within the interior 
passageway of the duct and is operable for generating at 
least one vortex. The nozzle is disposed within the 
interior passageway of the duct. The nozzle is operable 
to discharge a mixture into the interior passageway of 
the duct . 

In another embodiment, a gas stream vortex mixing 
system for mixing combustion gas exhaust is provided. 
The gas stream vortex mixing system includes a duct 
provided with an outer surface defining an interior 
passageway operable for communicating a combustion gas. 
The gas stream vortex mixing system further includes at 
least one wing disposed within the interior passageway. 
The wing is operable for generating a vortex The gas 
stream vortex mixing system also includes at least one 
nozzle disposed adjacent at least one wing within the 
interior passageway of the duct. The nozzle is operable 
to discharge a mixture into the vortex generated by the 
wing . 

In yet another embodiment, the present invention 
provides for a method of mixing gas by creating a 
predictable and ordered vorticity. The method includes 
providing a gas stream vortex mixing system. The gas 
stream vortex mixing system includes a duct provided with 



ATTORNEY DOCKET NO 
BASI . IP2023 



PATENT APPLICATION 



- 6 - 

an outer surface defining an interior passageway operable 
for communicating a gas. 

The gas stream vortex mixing system further includes 
at least one nozzle and at least one wing. The wing is 
disposed within the interior passageway of the duct and 
is operable for generating at least one vortex. The 
nozzle is disposed within the interior passageway of the 
duct. The nozzle is operable to discharge a mixture into 
the interior passageway of the duct. 

The method includes providing a supply of combustion 
gas into the interior passageway of the duct such that 
the combustion gas passes about at least one of the wings 
of the gas stream vortex mixing system generating a 
vortex. The method further includes discharging the 
mixture from at least one nozzle into the vortex such 
that the mixture is homogenized with the combustion gas 
within the vortex. 

In another embodiment, the present invention 
provides a method of mixing gas by creating a predictable 
and ordered vorticity. The method includes providing a 
gas stream vortex mixing system having a duct provided 
with an outer surface defining an interior passageway 
operable for communicating a combustion gas. The gas 
stream vortex mixing system is further provided with at 
least one wing having an asymmetrical airfoil shape with 
a defined camber line such that the wing is operable to 
more efficiently generate lift, resulting in stronger 
vorticity at lover gas flow resistance. 

In yet another embodiment, the present invention 
provides for a more simple way to achieve most of the 
positive effects by shaping the wing from a flat plate 
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and forming the desired camber line into the plate along 
the span of the wing. 

The wing is positioned within the interior 
passageway of the duct such that the chord line of the 
airfoil is substantially parallel to a line defining the 
direction of the flow of combustion gas within the 
interior passageway of the duct. The wing is operable 
for generating at least one vortex at one or more points 
on the wing. The gas stream vortex mixing system further 
includes at least one nozzle disposed adjacent the wing 
within the interior passageway of the duct. The nozzle 
is operable to discharge a mixture into the vortex 
generated by the wing. 

The method includes providing a supply of combustion 
gas into the interior passageway of the duct such that 
the combustion gas passes near at least one of the wings 
of the gas stream vortex mixing system thereby generating 
a vortex. The method further includes discharging the 
mixture from at least one nozzle into the vortex such 
that the mixture is homogenized with the combustion gas 
within the vortex. 

Other technical advantages are readily apparent to 
one skilled in the art from the following figures, 
description, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now 
made to the following brief description, taken in 
connection with the accompanying drawings and detailed 
description, wherein like reference numerals represent 
like parts, in which: 

FIGURE 1 is a side elevational view of a gas stream 

vortex mixing system according to an embodiment of the 
invention employing catalyst modules ; 

FIGURE 2 is a graph detailing a lift to drag ratio 

at an angle of attack of a given airfoil; 

FIGURE 3 is a side view of a symmetrical wing 

according to an embodiment of the present invention; 

FIGURE 4 is a side view of a cambered wing according 

to an embodiment of the present invention; 

FIGURE 5 is a side view of another embodiment of a 

wing constructed according to the present invention; 

FIGURE 6 is a perspective representation of a wing 

according to an embodiment of the present invention; 

FIGURE 7 is a top plan view of another embodiment of 

gas stream vortex mixing system of the present invention; 
FIGURE 8 is a top plan view of yet another 

embodiment of the gas stream vortex mixing system of the 
present invention; 

FIGURE 9 is a top plan view of another embodiment of 

the gas stream vortex mixing system of the present 
invention showing another arrangement of the wings; 
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FIGURE 10 is side elevational view another 

embodiment of the gas stream vortex mixing system of the 
present invention; 

FIGURE 11 is a side elevational view of yet another 

embodiment of the gas stream vortex mixing system of the 
present invention . 
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DETAILED DESCRIPTION OF THE INVENTION 

It should be understood at the outset that although 
an exemplary implementation of the present invention is 
illustrated below, the present invention may be 
implemented using any number of techniques, whether 
currently known or in existence. The present invention 
should in no way be limited to the exemplary 
implementations, drawings, and techniques illustrated 
below, including the exemplary design and implementation 
illustrated and described herein. 

FIGURE 1 is a side elevational view of a gas stream 

vortex mixing system 10 constructed in accordance with 
the present invention. The gas stream vortex mixing 
system 10 includes a duct 12, also commonly referred to 
as a flue, which is in communication with the combustion 
chamber of an electric power plant (not shown) . 

The duct 12 may be constructed from a variety 
materials, such as sheet metal, is sized to receive a 
combustion gas 14 from the power plant combustion chamber 
(not shown) . The manufacture and use of ducts 12 to 
communicate and direct the flow of combustion gases 14 is 
well known in the art therefore no further discussion is 
deemed necessary to teach one of ordinary skill in the 
art in the use of ducts 12. 

The combustion gas 14 includes the exhaust gases 
produced as a by-product of the electric generation 
process. The duct 12 receives the combustion gas 14 into 
one end 16 thereof the duct 12. The duct 12 is provided 
with an outer surface 18 and an inner surface 20, the 
outer surface 18 and inner surface 2 0 defining an 
interior passageway 22 operable for communicating the 
combustion gas 14 . 
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The gas stream vortex mixing system 10 further 
includes at least one wing 24. Although the wings 24 are 
substantially similar in construction and design, the 
wings 24 have been denoted alphanumerically for purposes 
of clarity wings 24a and 24b. The wings 24a and 24b will 
be discussed in greater detail hereinafter. The wings 
24a and 24b are disposed within the interior passageway 
22 of the duct 12. 

The wings 24a and 24b may be constructed from a 
variety of materials, such as, but not limited to sheet 
metal or rigid polymeric materials, for example. The 
wings 24a and 24b may be attached to the inner surface 2 0 
of the duct 12 in various ways including, but not limited 
to using a standard nut and bolt assembly, welding, or by 
other means which will readily suggest themselves to one 
of ordinary skill in the art . 

The wings 24a and 24b are substantially configured 
having the attributes of airfoils and are operable for 
generating at least one vortex 26. The vortices 26a and 
2 6b have been denoted alphanumerically for purposes of 
clarity. It is readily apparent that as the combustion 
gas 14 is communicated through the interior passageway 22 
of the duct 12 and caused to pass about the wings 24a and 
24b, the vortices 26a and 26b will be shed from the wings 
24a and 24b respectively • The characteristics of the 
vortices 2 6a and 26b shed from wings 24a and 24b will be 
discussed in greater detail hereinafter. 

The gas stream vortex mixing system 10 also includes 
at least one nozzle 40. The nozzles 40 are constructed 
substantially similar and have been denoted 
alphanumerically 40a and 4 0b for purposes of clarity* 
The nozzles 40a and 40b are connected to a supply line 
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42a and 42b, respectively, of a desired mixture, such as, 
but not limited to, ammonia or other chemical compounds 
beneficially injected into the combustion gas 14. 

The nozzles 40a and 40b are disposed within the 
interior passageway 22 of the duct 12, and operable to 
inject, for example, an ammonia mixture 50, or other 
mixture of a desired chemical compound, into the 
combustion gas 14 carried in interior passageway 22 of 
the duct 12 ♦ One advantage of the gas stream vortex 
mixing system 10 of the present invention, is the 
delivery of the ammonia mixture 5 0a and 50b into an 
intense vortex 26a and 26b to create a well mixed 
constituent gas 60 comprising combustion gas 14 and the 
ammonia mixture 50. 

It will be appreciated that the wings 24a and 24b 
are designed having certain airfoil characteristics to 
shed vortices 26a and 26b having desired attributes, such 
as the direction of circulation, velocity, intensity, and 
expansion. In this manner, the vortex 2 6a may be caused 
to collide with vortex 26b for the purpose of further 
generating a homogenous mixture of constituent gases. 
Additionally, the vortex 2 6a and 2 6b may be calculated so 
as to encompass and include the maximum amount of 
combustion gas 14 for mixing with the ammonia mixture 50 
to eliminate rope flow containing high concentrations of 
the certain of the flue gas constituents, for example, 
CO, C02, NOx. 

Once the constituent gas 60 is well mixed by the 
vortices 26a and 26b with the ammonia mixture 50 it is 
passed over one or more catalyst modules 90. The 
catalyst modules 90 are operable to catalytically reduce 
the NOx in the constituent gas 6 0 by reacting with the 
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constituent gas 60 as it is passed over the catalyst 
modules 90. The reduced NOx emission gas 94 is then 
output from another end 92 of the duct 12. Thus, it can 
be appreciated that the gas stream vortex mixing system 
10 of the present invention achieves the benefits of 
reduced emissions of NOx, more efficient use of the 
ammonia mixture 50, and longer life of the catalyst 
modules 90, due to the even distribution of constituent 
gas 60. 

FIGURE 2 is a graph 12 0 detailing a lift to drag 

ratio at an angle of attack of a given airfoil 122, It 
is appreciated that when designing an airfoil to 
implement for the gas stream vortex mixing system 10, 
consideration should be given to defining the desired 
characteristics of the airfoil to be employed. As such, 
the optimum design provides for an airfoil having a 
maximized lift to drag ratio with a minimized drag 124 at 
a given angle of attack. The lift of a given airfoil 122 
is relative to the energy of the vortex shed by the 
airfoil 122, That is, the higher the lift the stronger 
the vortex. The graph 12 0 provides for the design of the 
airfoil 122 which will provide a maximum lift and minimum 
drag and prevent turbulent or disrupted flow associated 
with a stall condition about the airfoil 122. 

As previously mentioned, a stall condition has the 
effect of generating turbulent flow which generates 
unpredictable and unstable air flow about an obstacle in 
the duct 12, However, the turbulent flow is not desirous 
in that it provides on limited mixing of the combustion 
gas 14 with the ammonia mixture 50 and substantially 
impairs the even flow of combustion gas 14 through the 
duct 12. This uneven flow creates an inefficient state 
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within the duct 12 which produces an increased load on 
fans which provide the combustion gas 14 to the duct 14 
and drawing the constituent gas from the duct 12. 

Thus, modeling provides opportunity to define an 
airfoil that generates a maximized lift to drag ratio 
while creating an optimized vortex. Furthermore, an 
airfoil 122 may produce a number of vortices along 
various point on the airfoil. Such an airfoil provides 
the gas stream vortex mixing system 10 with a predefined 
and ordered vorticity to generate a uniform and 
homogenous constituent gas 14. While the graph 120 is 
provided to illustrate modeling capabilities to derive 
suitable airfoils for the gas stream vortex mixing system 
10, a variety of airfoils may be readily employed for 
such purposes . 

FIGURE 3 is a side view of a symmetrical wing 220 

according to an embodiment of the present invention. It 
is appreciated that when designing wings, such as the 
wings 24a and 24b, shown in Fig. 1, to provide a given 
characteristic, a variety of wing configurations may be 
employed. The symmetrical wing 22 0 is an embodiment of 
one such configuration which is readily adapted to 
achieve the advantages and provide the benefits disclosed 
herein with reference to the wing 26 of the gas stream 
vortex mixing system 10. The symmetrical wing 220 has a 
chord line 222 defining a straight line extending the 
length of the cross section of the symmetrical wing 22 0. 
FIGURE 4 is a side view of a cambered wing 23 0 

having a camber line 232 according to an embodiment of 
the present invention which may be readily employed for 
the purposes of generating a vortex, such as the vortices 
26a and 2 6b shown in Fig. 1. The cambered wing 23 0 is 
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another embodiment of one such configuration which is 
readily adapted to achieve the advantages and provide the 
benefits disclosed herein with reference to the wing 26 
of the gas stream vortex mixing system 10. The cambered 
wing 23 0, as with any wing or airfoil, has a chord line 
234 defining a straight line extending the length of the 
cross section of the cambered wing 230. 

FIGURE 5 is a side view of another embodiment of a 

wing 24 0 constructed according to the present invention 
similarly having the camber line 232, The wing 240 is 
another embodiment of one such configuration which is 
readily adapted to achieve the advantages and provide the 
benefits disclosed herein with reference to the wing 26 
of the gas stream vortex mixing system 10. 

FIGURE 6 is a perspective representation of a wing 

25 0 according to an embodiment of the present invention. 
In this embodiment, the wing 250 constructed of a 
substantially rigid material, such as sheet metal. The 
wing 25 0 is angularly configured along a line 252 
relative to the camber line 232 a wing, such as the wing 
240 (see Fig. 10 or 230 (see Fig. 4) , having the desired 
characteristics . 

Because the wing 250 is substantially two- 
dimensional ly constructed, the wing 25 0 will lack the 
complete characteristics of the wing, such as the wing 
240 (see Fig. 10) or 230 (see Fig. 4) . However, the wing 
25 0 will achieve the general aerodynamic characteristics 
of the wing upon whose camber line 232 the wing 250 was 
modeled. In this embodiment, the wing 250 is a simple 
means for providing an optimized lift to drag ratio and a 
defined point (not shown) from which to shed the desired 
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vortex without constructing the full airfoils shown 
above . 

While several airfoil and wing configurations have 
been shown it should be appreciated that other 
configurations (not shown) of airfoils and wings operable 
to achieve the advantages and obtain the benefits 
described herein will readily suggest themselves to one 
of ordinary skill in the art and are within the spirit 
and scope of the present invention as disclosed and 
claimed herein* An additional consideration to the 
design of the wing, such as the wing 24a and 24b (see 
Fig. 1), is interaction and effect of other wings 24 
within the same duct 12 . 

Referring now to FIGURE 7, a top plan view of 

another embodiment of gas stream vortex mixing system 10 
of the present invention is shown. In this embodiment, a 
plurality of wings 300 are denoted alphanumerically for 
purposes of clarity 300a, 300b, 300c, and 300d. The 
wings 3 0 0a and 3 0 0b are shown attached to one side 3 02 of 
the duct 12 while wing 300c and 300b are shown attached 
to an opposite side 3 04 of the duct 12. 

In this manner, the vortices 320a, 320b, 320c and 
320d generated by the wings 300a, 300b, 300c and 300d, 
respectively, create a predefined and ordered vorticity 
within the interior passageway 22 of the duct 12. The 
nozzles 322 are positioned near the point on the 
respective wing 3 00 where the vortex is shed. Such a 
configuration of the wings 300 and nozzles 322 is well 
adapted to provide a uniform and homogenous mixture of 
the constituent gases 60. 

Referring to FIGURE 8, a top plan view of yet 

another embodiment of the gas stream vortex mixing systeti 
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10 of the present invention is shown. In this 
embodiment, a plurality of wings 350 are denoted 
alphanumerically for purposes of clarity 350a, 350b, 
350c, and 350d, The wing 350a is shown attached to one 
side 302 of the duct 12 and the wing 350b is shown 
attached to an adjacent side 352 of the duct 12. The 
wing 350c is shown attached to the opposite side 304 of 
the duct 12 and wing 35 0d is shown attached to an 
adjacent side 354 of the duct 12. 

It can be seen that vortices 360a, 360b, 360c and 
360d rotate in a counter-clockwise direction due to the 
configuration of wings 350a, 350b, 350c and 350d, 
respectively. It may be beneficial to utilize wings 350 
wherein the direction of rotation of the vortices, such 
as vortices 360a, 360b, 360c and 360d, is predetermined 
so as to further increase the uniformity of mixing of the 
combustion gases 14. In this manner, the vortices 360 
can be caused to encompass the greatest possible amount 
of combustion gas 14 for optimum uniformity of 
constituent gas 60. 

FIGURE 9 shows a top plan view of another embodiment 

of the gas stream vortex mixing system 10 of the present 
invention. In this embodiment, a plurality of wings 38 0 
are denoted alphanumerically for purposes of clarity 
380a, 380b, 380c, 380d, 380e and 380f . The wings 380a 
and 3 8 0b are shown attached to one side 3 02 of the duct 
12 while wing 3 8 0c and 3 8 0b are shown attached to an 
opposite side 304 of the duct 12. The addition of wings 
380e and 380f to adjacent sides 352 and 354, 
respectively, of the duct 12 represent another 
configuration for optimizing the mixture of constituent 
gas 60. It is readily apparent that the plurality of 
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wings 38 0 are disposed substantially about the same plane 
within the interior passageway 22 of the duct 12. It is 
apparent that the vortices 382a and 382b rotate clockwise 
while vortices 382c, 382d, 382e, and 382f rotate counter- 
clockwise to provide uniform distribution and homogeneity 
of the constituent gas 60. 

While several embodiments are shown with various 
placements of wings, such as wing 3 00, 350, and 380, it 
will be appreciated that any number or combination of 
wings 300, 350, and 380 having varying characteristics to 
generate vortices 320, 360, and 382 are possible to 
generate the uniform distribution of constituent gas 60 
within the inner passageway 22 of the duct 12 and remain 
within the spirit and scope of the invention disclosed 
herein . 

FIGURE 10 shows another embodiment of the gas stream 

vortex mixing system 10 of the present invention 
employing a single wing 40 0 disposed within the center of 
the interior passageway 22 of the duct 12. In this 
embodiment, the wing 400 is suspended about the interior 
passageway 22. Such disposition of the wing 400 may be 
achieved, such as, but not limited to, attachment of the 
wing 40 0 to the supply line 42 providing the ammonia 
mixture 50. 

In this manner, the wing 40 0 is operable to shed one 
vortex 402 from the tip of each wing 400. Additionally, 
whether the wing 400 is suspended within the interior 
passageway 22 of the duct 12 or attached to the inner 
surface 20 of the duct 12, it is readily apparent that 
the wing 400 is disposed such that the wing 400 generates 
lift and is disposed substantially parallel to direction 
410 of the flow of combustion gas 14 through the duct 12. 
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It can be seen that the wing 400 is positioned such that 
the chord line (not shown) is substantially parallel to 
the direction 410 of the flow of combustion gas 14. More 
specifically, the chord line of the wing 400 may be 
positioned at an angle of attack of from 5 to 15 degrees, 
and optimally from 8 to 12 degrees, relative to the 
direction 410 of the flow of combustion gas 14. In this 
manner, the ordered flow for mixing combustion gas may 
controlled to the maximum extent. 

The nozzle 40 of the gas stream vortex mixing system 
10 is shown disposed about a point on the wing 400 
wherein the vortex 4 02 is shed. This placement of the 
nozzle 4 0 provides for optimum mixing of the ammonia 
mixture 50 with the combustion gas 14. Furthermore, 
while the nozzle 40 is shown injecting the ammonia 
mixture 40 in the direction 410 of the flow of combustion 
gas 14, it is appreciated that in another embodiment (not 
shown) , the nozzle 4 0 may be reversed such that the 
ammonia mixture is injected in a direction opposite the 
direction 410 of the flow of combustion gas 14. 

FIGURE 11 is a side elevational view of yet another 

embodiment of the gas stream vortex mixing system 10 of 
the present invention. A plurality of wings 450, denoted 
450a, 450b, 450c, and 450d, are attached to the inner 
surface 2 0 of the duct 12 along differing horizontal 
planes. The present embodiment describes yet another 
placement of wings within the interior passageway 22 to 
generate a predetermined and ordered vorticity to create 
a uniform mixture of constituent gas 60. 

In the present embodiment, the nozzles 4 0 are placed 
substantially below the point on the wing where a vortex 
452, denoted 452a, 452b, 452c, 452d, respectively, is 
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shed. In this manner the vortex 452 has had substantial 
time to develop in diameter to allow for uniform mixing 
of the ammonia mixture 50 with the combustion gas 14. 

In another embodiment, a method of mixing gas by 
creating a predictable and ordered vorticity is provided. 
The method includes providing the gas stream vortex 
mixing system 10 including the duct 12, The duct 12 is 
provided with an outer surface 18 defining an interior 
passageway 22 operable for communicating a combustion 
gas. The gas stream vortex mixing system 10 includes at 
least one wing 450 disposed within the interior 
passageway of the duct 12. The wing 450 is operable for 
generating at least one vortex 452. The gas stream 
vortex mixing system 10 further includes at least one 
nozzle 40 disposed within the interior passageway 40 of 
the duct 12. The nozzle 40 is operable to discharge the 
ammonia mixture 50 into the interior passageway 5 0 of the 
duct 12 . 

The method includes providing a supply of combustion 
gas 14 into the interior passageway 14 of the duct 12 
such that the combustion gas 14 passes about at least one 
of the wings 450. The method further includes 
discharging the ammonia mixture 50 from at least one 
nozzle 40 into the vortex 452 such that the ammonia 
mixture 5 0 is homogenized with the combustion gas 14 
within the vortex 452 . 

Thus, it is apparent that there has been provided, 
in accordance with the present invention, a gas stream 
vortex mixing system 10 that satisfies one or more of the 
advantages set forth above. Although the preferred 
embodiment has been described in detail, it should be 
understood that various changes, substitutions, and 
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alterations can be made herein without departing from the 
scope of the present invention, even if all of the 
advantages identified above are not present. For 
example, the various embodiments shown in the drawings 
herein illustrate that the present invention may be 
implemented and embodied in a variety of different ways 
that still fall within the scope of the present 
invention . 

Also, the techniques, designs, elements, and methods 
described and illustrated in the preferred embodiment as 
discrete or separate may be combined or integrated with 
other techniques, designs, elements, or methods without 
departing from the scope of the present invention. Other 
examples of changes, substitutions, and alterations are 
readily ascertainable by one skilled in the art and could 
be made without departing from the spirit and scope of 
the present invention. 



